The benefits that patients expect from cataract surgery have increased with time. For many patients a better quality of life depends on higher spectacle independence. Ideally, we would provide them with perfect vision at all distances, in all lighting conditions, and without dysphotopsia or any impact on quality of vision. Even though we are getting closer to this ideal with newer designs, no lens is available today that can achieve all that.
Visiogen, Inc. (Irvine, CA, US) developed a dual-optic accommodating IOL (Synchrony). It was a single piece silicone lens with two coaxial optics connected by a spring system. This allowed their relative distance to change with the accommodative effort. It came preloaded in a simple injector. This 3D design tries to mimic the natural lens' response to the contraction and relaxation of the ciliary muscle, which increases paraxial power and provides accommodation. This design maximizes accommodative amplitude with consistent results, 9 which is an advantage over single-optic
IOLs. Furthermore, the design of this IOL had the theoretical potential to provide the distance and near focus typical of multifocal IOLs, with better intermediate vision and better image quality for all distances. The Synchrony IOL was implanted in more than 1,000 eyes throughout the world.
More recently, an aspheric version of the dual-optic IOL (Synchrony Vu, Abbott Medical Optics, Inc., St Ana, CA, US) was developed to further mimic the eye's optical changes during natural accommodation and to further improve the near benefit provided by the dual-optic IOL.
Design and Development Synchrony Dual-optic Accommodating IOL
The Synchrony dual-optic accommodating IOL (Visiogen, Inc., Irvine, CA, US)
was specifically designed to fill the entire capsular bag and to maximally benefit from the accommodative capacity of the lens capsule during near vision. 9, 10 The 3D, single-piece, foldable silicone lens has a 5.5 mm highplus-powered moving optic attached to a variable 6.0 mm minus-powered optic using spring haptics. The clear optic zone for both optics is 5.0 mm in diameter. They are supported by 9.5 mm length haptic structures extending from opposite directions. Two posterior stabilizers extend laterally from the rear lens and are perpendicular to the direction of the haptic extension with an overall length of 9.8 mm. The lens is provided in a pre-loaded injector, which serves as the carrier and facilitates implantation through a small incision. The IOL was designed to provide single, clear focus over a wide range of viewing distances through active accommodation. When implanted within the capsular bag, the capsular tension exerts a compressive force and decreases the interoptic separation of the IOL to a minimum. This compressed state is the emmetropic state of the IOL. With accommodative action, the zonules relax and release the tension on the capsular bag, which results in a forward displacement of the anterior optic. The posterior element was designed with a wider surface area, which reduces the tendency for posterior excursion and provides stability in the center of the capsular bag.
Synchrony Vu Aspheric Dual-optic Accommodating IOL
The next-generation, aspheric version of the dual-optic IOL (Synchrony Vu) further mimicked the optical changes in the eye during natural accommodation. The optical power of the crystalline lens increases as the negative spherical aberration increases. 11, 12 The central region of the natural lens exhibits greater change in optical power than the more peripheral regions. The new-generation dual-optic IOL is designed to mimic the spatially variant characteristics of natural accommodation and to further improve the near benefit provided by the dual-optic IOL.
It includes a central aspheric zone with negative spherical aberration (modeled as a conic surface with polynomial extension using Zemax software and the Le Grand El Hage schematic human eye) that blends into a peripheral spherical optic. This design was selected to utilize pupil constriction during near viewing to maximize the near benefit from the central aspheric zone without degrading optical image quality. 13 Extensive ocular modeling showed that a 2.5-mm central zone and 2.1 diopter (D)
peak power provided the best balance between optical quality and depth of focus. This combination provides about 1 D greater depth of focus while still meeting ISO standards for optical quality of monofocal IOLs (see Figure 1 ). In summary, this design was chosen to achieve a selective increase in negative spherical aberration during near viewing associated with pupil constriction, while maintaining good optical quality during mesopic conditions with larger pupil diameter (about 5 mm). The intended result is an increase in near visual acuity while maintaining adequate contrast sensitivity and imaging quality, especially at mesopic conditions.
Accommodation Measurement Methodology
The performance of the dual-optic accommodating IOL has been discussed 14 and objectively demonstrated for up to 4 years postoperatively, both with dynamic high-resolution ultrasound biomicroscopy (UBM) and with iTrace aberrometry (Tracey Technologies). 15 In a subsequent study, 16 
Clinical Results
The capsulotomy. The authors concluded that the dual-optic accommodating IOL provided stable or improved reading ability over a 2-year period.
We recently performed a prospective, multicenter, nonrandomized study to assess visual outcomes with the new aspheric dual-optic accommodating IOL (Synchrony Vu). 18 The measured outcomes included visual acuity 
Discussion
Accommodating intraocular lenses are dynamic devices designed to effect a change in optical power during near viewing by optimally interacting with the We continue to implant a full range of presbyopia-correcting IOLs to meet patients' needs. Patients who want good spectacle independence at all distances and the highest possible quality of vision, or those who spend all day at the computer, may benefit from an accommodating IOL.
As accommodating IOLs have monofocal optics, these lenses may also provide some security to surgeons or patients who are concerned about future macular or retinal developments. However, multifocal IOLs may be better indicated for the patient who is most concerned about excellent near vision and does not mind the potential for nighttime glare and halos.
Conclusion
Our findings indicate that, without sacrificing distance visual acuity or quality of vision, dual-optic accommodating IOLs provide very good near and intermediate vision. We cannot promise our post-op cataract patients complete restoration of the crystalline lens of their youth. However, improving IOL technology continuously provides us with significant additions to the list of alternatives for these often-demanding patients. n
